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NMJmorphology is restored by providing APC2 functionBorn Again at the Synapse:
pre- but not postsynaptically. Also, APC/C subunitsA New Function for the Anaphase Cdc27 and APC2 are expressed on both sides of the
synapse, while another subunit (Cdh1) is only presynap-Promoting Complex/Cyclosome
tic. Both spontaneous and evoked junctional potential
are increased in APC2mutants. As quantal size, but not
the quantal content, is increased, it could be that the
Currently, perhaps the most significant biological prob- mutants produce an alteration in size and content of
lem is to understand the mechanisms of learning and synaptic vesicles. However, electron micrographs show
memory, and many of the answers will come from no obvious presynaptic ultrastructural defects. Alterna-
molecular explanations of synaptic plasticity. Twonew tively, loss of APC/C could increase sensitivity to neuro-
papers have established a surprising connection: the transmitter, suggesting that it may function postsynapti-
Anaphase Promoting Complex/Cyclosome (APC/C) cally to control synaptic transmission.
has a second function in controlling local protein sta- Based on expression, phenotypic, and sequence
bility at synapses, and hence in the control of behavior data, van Roessel and colleagues made an educated
(Juo and Kaplan, 2004; van Roessel et al., 2004). guess: that the DLARpartner protein Liprin- (Kaufmann
et al., 2002) is a potential presynaptic target for APC/C
Commonly, the ubiqitination of target proteins requires (Figure 1). Liprin- contains three putative destruction
three enzymes: E1 activates the 76-residue protein ubi- boxmotifs and is expressed at the synapse, and loss-of-
quitin, which is next transferred to E2, a ubiquitin-conju- function mutations result in undergrown neuromuscular
gating enzyme. E2 then associates with one of many synapses. van Roessel et al. show that Liprin- protein
possible E3 ligases to attach ubiquitin to lysine residues levels are significantly increased in APC2 mutants and
on the target protein, which is then degraded at the that liprin- loss-of-function suppresses the NMJ over-
proteosome (Hershko and Ciechanover, 1998). E3 li- growth phenotype of APC2. Thus, Liprin- is a critical
gases may be single molecules or protein complexes presynaptic target of APC/C.
and are believed to impart substrate specificity. Two On the postsynaptic side, loss of APC/C results in
such multisubunit ubiquitin ligases, SCF (Skp/Cullin/ increased glutamate receptor GluRIIa immunoreactivity
F-box) and the Anaphase Promoting Complex or Cyclo- at the postsynaptic density. Unlike Liprin-, GluRIIa is
some (APC/C) have been extensively studied for their probably not a direct degradation target of APC/C in
roles in controlling the eukaryotic cell cycle, where they the muscle, consistent with previous reports that neuro-
regulate the G1/S and M/G1 transitions by targeting transmitter receptors’ expression can be regulated via
stage-specific cyclins (Vodermaier, 2004). ubiquitination of the surrounding scaffolding proteins
Synaptic plasticity is mediated, at least in part, through (Colledge et al., 2003).
the control of geneexpression at theprotein level, locally Worms
in the subsynaptic cytoplasm (Steward and Schuman, InC. elegans, Juo and Kaplan show that reduced APC/C
2003). Recent studies from Aplysia, Drosophila, and activity leads to an increased abundance of glutamate
Caenorhabditis suggest that the local regulation of pro- receptors (GLRs). As in the fly, this enhances synaptic
teins at synapses may not only be at the level of trans- transmission efficiency in sensory-interneuron syn-
lation, but also via proteosome-mediated protein de- apses. To avoid themitotic block, they use temperature-
gradation, acting in synapse formation, activity, and sensitive alleles to downregulate several subunits of
plasticity (Hegde and DiAntonio, 2002). Two papers now APC/C during the fourth larval stage. APC/C loss-of-
report that this synaptic control involves the very same functionmutants have an increased width of GLR-1 syn-
APC/C known for cell cycle regulation, now found to aptic puncta in the ventral nerve cord. This phenotype
function in postmitotic neurons (Juo and Kaplan, 2004; is rescued by the expression of APC/C subunits from
van Roessel et al., 2004). the glr-1 promoter, suggesting a cell-autonomous, post-
The genetic analysis of APC/C function in synapses mitotic function of the complex. Furthermore, APC/C
is complicated by one major technical hurdle: the com- specifically controls the distribution of GLR-1 and not
plex is required for the cell division cycle, and cells that that of other synaptic markers.
weren’t born don’t have synapses to study! van Roessel Loss of APC/C partially counteracts the effects of
and coworkers get around this in Drosophila because Myc-taggedubiquitin overexpressionon theGLR-1puncta,
the early requirement for APC2 is overcome by the per- suggesting that GLR-1 may be a target of APC/C, but
durance of maternal APC2 protein. In C. elegans, Juo probably not directly. Previous work from the same lab
and Kaplan solve the same problem through the use of showed that the synaptic abundance of GLR puncta is
conditional mutations. regulated by clathrin-mediated endocytosis (Burbea et
Flies al., 2002), so Juo and Kaplan supposed that APC/C may
At the Drosophila neuromuscular junctions (NMJs), regulate GLRs indirectly, via endocytosis. They now use
APC2 loss-of-function mutants have an increased num- unc-11 AP180; emb-27CDC16 double mutants to confirm
ber of synaptic boutons, without any obvious effects that APC/C controls GLR recycling. As in flies, loss of
on bouton size or branching. APC/C appears to have APC/C affects GLR distribution in the worm ventral nerve
cord, producing increased synaptic transmission. Juo andindependent pre- and postsynaptic roles: the mutant
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as recent studies of Aplysia central synapses suggest
a role for the proteosome on both sides of the synapse
(Zhao et al., 2003). Although preliminary evidence sug-
gests that the role of APC/C is in synaptic plasticity (and
not development, as reviewed in Kaufmann et al., 2002),
it will be interesting to see what signals regulate the
function of APC/C itself and how its pre- and postsynap-
tic functions interplay during synapse remodeling.
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ing to emerge.Connection for APC: Cell migration into a wound is a nice system to study
actin-microtubule interactions during cell polarization.Linked to Actin through IQGAP
It recapitulates wound healing at an organismal level,
and it is highly tractable for imaging cytoskeletal dynam-
ics. A paper in this issue of Developmental Cell (Wata-
nabe et al., 2004) uses this system to describe a novelMigrating cells reorganize their actin and microtubule
connection between actin and microtubules during cellcytoskeletons in response to external cues. In this
migration. The molecular link comes from binding of the
issue of Developmental Cell, Watanabe et al. now
actin crosslinking protein IQGAP1 to the human colon
showamolecular connection between the actin cross-
cancer tumor suppressor Adenomatous Polyposis
linking protein IQGAP1and themicrotubule-stabilizing
Coli (APC).
protein APC that impacts cells’ ability to migrate into
IQGAP1 was named for its homology to GTPase acti-
a wound. vating proteins (GAPs) and its IQ (calmodulin binding)
motifs (reviewed in Briggs and Sacks, 2003; Mateer et
Multicellular life depends on cell polarity, but many of al., 2003). GAPs inhibit GTPases by increasing their
the molecular details of polarity establishment remain GTPase activity, cycling them to an inactive, GDP bound
unknown. Polarity in living cells is created by reorganiza- state. IQGAP1 binds two GTPases, Rac and Cdc42. It
tion of cytoskeletal components, in conjunction with turns out, however, that IQGAP1 does not act as a GAP
directed intracellular transport andmembrane compart- for these proteins. Rather, it appears to inhibit the
mentalization. Cell polarization is turning out to be a GTPase activity of Cdc42, maintaining it in an active
prime instance in which two major cytoskeletal polymer state, while increasing the amount of active Cdc42 in
the cell. Notably, IQGAP1 directly binds actin filamentssystems, actin and microtubules, become physically
